The present study was carried out, to evaluate shelf life and the effects of vacuum packaging, sodium acetate dip treatment and modified atmosphere (MA) packaging on biochemical, microbiological and sensory characteristics of gutted Indian mackerel (Rastrelliger kanagurta), during chilled storage. The gutted whole fish were dip treated in 2% sodium acetate (SA), followed by vacuum packaging in polyester laminated polyethylene bags. MA packaging of fish, was carried using high impact polystyrene (HIPS) trays in atmosphere of 60:40 carbon dioxide and nitrogen gas mixture. The packaged fish were stored under ice in 2:1 ratio of ice to fish samples in insulated boxes. The changes in total volatile base nitrogen, tri methylamine nitrogen, free fatty acid content, alpha amino nitrogen, thiobarbituric acid value, total plate count of aerobic bacteria and sensory characteristics were evaluated on every three days for a period of 33 days.
INTRODUCTION
The present fish utilization trends in India indicate that the major quantity of fish landed at fishing harbours is marketed in fresh iced conditions, i.e. about 70% of total marine fish production. Fresh fish are highly perishable as they contain high water activity, a great load of bacteria on the gills and in gut that represents the environment from which fish are caught and the oxidation of lipids by molecular oxygen are some of the important processes that decay the fish upon harvest. There are several methods to preserve fresh fish but icing is the most common method followed for short-term preservation.
Fish packaging for retail marketing is considered an essential step in ensuring food safety and security.
This will also strengthen the preservation of good quality fish for longer duration. Presently, fresh fish stored with ice has a limited shelf life of 3 to 5 days; which needs to be extended to ensure supply of fresh fish in remote areas and to increase their availability and consumption for larger number of consumers. Vacuum packaging involves the removal of air from the package, then application of hermetic seal. Vacuum packaging can considerably extend the
MATERIALS AND METHODS
Fresh fish (Rastrelliger kanagurta) weighing 150g each, caught by purse seine fishing operations were procured from Ratnagiri fishing harbour, and brought to the laboratory in iced condition. The fishes were gutted and washed with chilled 2 ppm chlorinated water, drained well and subjected to further processing. The fishes were divided into four lots. um polyester laminated, with 70 um polyethylene. The ratio of volume of the gas to fish was 3:1. Food grade CO 2 , and N 2 gases were used, for packaging of fish in trays. The gas composition was adjusted, by using the gas mixer of the MAP machine. Each time the control samples (air packed) of fish were also packed. The gas composition of 60:40 for CO 2 +N 2 was used for packaging of mackerel. The vacuum and MAP samples of fish were stored at 0-2 o C, using flake ice in insulated polystyerene boxes of 70L capacity, for a period of 33 days. Re-icing was done everyday, to supplement for the melt ice. Samples were drawn on every three days, to evaluate their biochemical, microbiological and sensory characteristics. All the measurements were performed in triplicate, unless otherwise stated. The headspace gas analyser was used to analyse the composition of gases, present in the packaged trays at the time of sealing of the trays with fish, using PBI-Dansensor gas analyzer (Netherlands) model -Checkpoint O 2 /CO 2 . The water extractives at 49 o C in 24 h, from the packaging material were estimated according to USFDA 176:170 and found to have a value of 3.8 ppm.
The pH of fish meat was measured using Systronics digital pH meter. About 10 g meat was homogenised with 50 ml distilled water, and pH was measured. Total volatile base nitrogen (TVB-N) and tri methylamine nitrogen (TMA-N)
were determined, using micro diffusion method (Conway, 1950 Tomlinson (1995) and enterobacteriaceae (EB) count was performed using McConkey agar medium. Sensory evaluation was done, using a panel of five trained panellists for evaluation of attributes like odour, colour, texture and overall appearance on a hedonic scale 0-9 and average values of the scores of five panellists were noted, as described by Shalini et al (2000) .
RESULTS AND DISCUSSIONS
There has been a recent interest in vacuum and MA/ tray packaging of fresh fish, in order to expand market potential, to reduce waste during distribution and to ensure safety and security of fish products, to meet the demand for fish products. Indian mackerel is popular in domestic markets of India and consumed all along the maritime regions of the country. The fish keeps well in chilled conditions under air for 3-5 days, like any other fatty fishes, and are not of acceptable quality after this period. It was felt necessary to develop a suitable medium of packaging for safety and distribution of fresh mackerel in Indian retail fish markets.
The changes in the biochemical, microbiological and sensory characteristics in the chill stored vacuum packaged and MA packaged Indian mackerel samples are presented in Table 1 Microbial growth in fresh seafood is one of the major factors, associated with quality deterioration, spoilage and economic loss (Zhuong et al., 1996) . The TPC was found to increase significantly with storage period. The lower values of TPC in treated and treated vacuum packed samples might be due to the preservative action of sodium acetate. This is in agreement with that of Kim and Hearnsberger (1994) and Shalini et al (2000) , who reported lower count in catfish and L.
lentjan fillets, respectively, that were treated with SA.
Fresh mackerel fish are generally considered to have very high overall acceptability. There was a significant reduction (p<0.05) in sensory characteristics of all samples with the storage period increased. As the days of storage in ice progressed, the sweet taste of fish muscle was lost and the texture became soft. All samples developed a fishy odour as the storage time increased. The vacuum packaged CAP samples were acceptable up to 9 days, whereas; CTP, TAP and TVP 
